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OpHrHHaJlHH HayqHH pan
IIOTPOIIIIhA rOPIIBA II MA311BA IIPII CEqll Y MJIA,n;IIM
XPACTOBO-rPAIiOBIIM CACTOJIIHAMA
1I3Bo~: Y pany cy npHKa3aHH pe3YJITaTlJ. acrpaaorsau.a yrponnca ropnna HMa3HBa
npn asaohen.y upopezmax ceqa y MJIa,nHM xpacroao-rpafionaa cacrojmraua xojn
cy 3HaqajHa OCHOBa sa KaJIKyJIaUHje TpOIIlKOBa npopehnaan,a, kao Hsa nnaaapaa,e
OBIfX panosa. Ha OCHOBy eneveaara CTaTIfCTWIKe aHaJlIJ.3e 3aBHCHOCTIf yrpourxa
ropusa H Ma3HBa 0,/\ npe-nnuca cTa6JIa, np01f3JIa31f ,/\a ca nosehan.ea npe-nunca
cTa6JIa onana yrponrax ropasa If Ma3HBa no je,/\IfHHUIf nponsaona, 3aBlfCHOCT yr-
pOIIIKa ropnna HMa3HBa 0,/\ npe-nnncacTa6JIa, ncnnraaaje 3ace6HO aacesy aa rpa-
KTOpCKHM BJIaKaMa ('1HCTa ce-ra), a 3ace6HO aa napuenaaa - nospnraaaaa H3Meljy
TpaKTOpCKIfX anaxa (ceJIeKTIfBHa npopena) If y 06a cny-raja je npeacranrseaa
<pyHKUlfjOM 06JIHKa Y=exp(a+b-X- I ). I1Majytm y BIf,/\y peaynrare aaanase napa-
jaace, y npaxra-me cnpxe cy ycnojemrjcnnucrnenn HopMaTIfBIf yrponraxa ropnsa
IfMa3HBa sa BJIaKe Ifnapuene,
KJhy'lHe pe-ns: yrpouiax ropasa IfMa31fBa, HopMaTIfBIf, npopezuiace-ra, 'mCTa ce-
-ra,MOTopHa recrepa
FUEL AND LUBRICANT CONSUMPTION IN FELLING THE YOUNG
OAK-HORNBEAM STANDS
Abstract: Fuel and lubricant consumption in the thinning of young oak-hornbeam
stands was studied. The study results are a significant base for the calculation of
thinning costs, as well as for the planning of these operations. Based on the ele-
ments of statistical analysis on the dependence of fuel and lubricant consumption
on tree diameter, it was assessed that with the increase of tree diameter,the fuel and
lubricant consumption per unit of product decreases. The dependence of fuel and
lubricant consumption on diameter size was evaluated separately for felling ontrac-
tor skid roads (clear felling), and on the plots - areasbetween tractor skid roads (se-
lective thinning). In both cases, it is represented by the function form
Y=exp(a+b-X-1). Taking into account the results of the analysis of variance, for
practical purposes, the unique norms of fuel and lubricant consumption for both
skid roads and plots were adopted.
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1. YBO;J;
YTpOllIaK CBl1X BpCTa MaTepIljaJIa je HeorrXOIlHO n03HaBaTH, na 6H ce yn03HaJIa
npupona Il crpyxrypa rrpoaaaozmor npoueca, H na 6Il ce OH ca ycnexon Morao npanrra
H opraHH30BaTH. To ce OIlHOCIl aa rOTOBO CBe npanpenne lleJlaTHOCTIl, rta H ira wyMap-
CKY. Y urywapcxoj rrpOH3BOIlI-bH ce OBO HapOqHTO OIlHOCH aa yrpourxe ropasa H Ma3HBa,
C063IlpOM na HIlBOI-bHXOBOr yrpomxa saasajno yru-re aa TpOWKOBe rrpOH3BOIlI-be WyMC-
KIlX copraveuara,
Pall,HOHaJIIl30BaI-be nOTpOWI-be ropnsa no jellIlHIlll,Il nponsaona, npenjrerje HHTe-
peconaisa uryuapcxe nayxe Il cTpyKe. OHa je jenaa Oil Mepa KOjOM ce yrn-re na KpajI-be
npOH3BOilHe peaynrare. Jenan on sanaraxa y uryvapcxoj npOIl3BOIlI-bH je YCTaHOBJhaBaI-be
HOpMafHBayrpourxa ropnaa Il Ma3IlBa aa selunry rrOCJlOBa.
ITIlTal-beM yrpomaxa eaeprenara y uryvapcxoj rrpOH3BOIlI-bIl 6aBHJlO ce smue ay-
ropa ());aHIlJlOBHn M., nOKOBIln IT., 1997, ));aHHJlOBIln M., 'b o xo auh IT.,
1997, H IlK0JIHn C., J e3n Il n ));., 1993), rperapajyha OByMaTepHjy ca anure acnexara,
aJIH nnrarsy OBHX yrpouiaxa npa npopehaaaa.y anje nocsehena onrosapajyha naxoea.
Ta OKOJIHOCT, xao Il IlCKa3aHa norpefia uiyuapcxe oneparnse sa 06jeKTHBHHM yCTaHoB-
Jhel-beM HHBoayrporuaxa, xao Hrpaxropa Oil sojax OHIlsaance, OCHOBHH cy MOTIlBaUHOHIl
<j>aKTop aa OBa acrpaxasan,a.
2. IJ;HJhPA;J;A
OCHOBHH lI,HJh acrpaacaaan,a je YCTaHOBJheI-be npnpone H HI1BOa 3aBIlCHOCTH yT-
pOWKa ropnsa Il Ma3HBa npu H3BoljeI-bY npopennnx ce-ra y MJlallHM xpacroao-rpatioana
cacrojnnaaa, ));a 6H yTpOWUH OBHX eneprenara, KOjH HHaqesnasajno ynecrsyjy y yxyn-
HHM TpOllIKOBHMa, 6HJlHyrropennaa ca yrpounmva npn H3BoljeI-bY npyrnx BHIlOBa ce-re
H aspane, caenean cy na ynopennsy Mepy, rj. na yrpourax no jenunaua npomaona,
Ilopen rora, xao 3aBpWHIl pe3YJlTaT rrcrpaaoraaisa 6Hne YCTaHOBJheHIl H uopaa-
TIlBIl yrpourxa ropnaa H Ma3HBa, xao snaxajua OCHOBa sa xanxynaunje TpOWKOBa npope-
hasaa,a, xao Il sa nnaanpan,e OBHX panosa. HopMaTIlBH yrpouraxa YCTaHOBJheHH cy sa-
cefino sa ee-ry crafiana aa TpacaMa TpaKTOpcKIlX snaxa, soje ce IlHaqe npoceuajy y OK-
BHpy rrpnnpeve cacrojnae sa npopehasan,e (xacra ce-ra) Il aa napuenawa, rj. nospunr-
HaMaH3Meljy rpaxropcxnx nnaxa, na KojIlMa ce Il3BOllH CeJleKTIlBHa npopena.
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3. METO,lJ; PA,lJ;A
I1cTpmKHBaIha npnpone 3aBHCHOCTH yrpouraxa ropasa H Ma3HBa uaapuiesa cy y
OKBI1PY excnepuaerrranne np0I13BOL\l-be, HaMeHCKI1 OpraHl130BaHe. Escnepnaeirranna
np0113BOL\l-baje opraaaaosaaa y MJIaL\I1M MeWOBI1Tl1M cacrojnnaaa xpacra 11 rpa6a (Que-
reo-earpinetum) aa nonpysjywr "CpeMcKa MHTpoBHl~a". I1CTpa)l<HBaI-bHMa je ofiyxsa-
heno CeL\aM cacrojmra CTapOCTH OL\ 18-34 ronnae. Y csaxoj cacTOjHHH H3L\BojeHe cy or-
JIeL\He nospunme, na KojHMa je naspiueno CHHMal-be rpajan.a ce-re H 113paL\e WyMCKHX
copnureuara sao 11 yrpounca ropnaa HMa3HBa. Ha OrJIeL\HHM noapumaaxra npojexrosane
cy rpaxropcxe BJIaKe, na KojHMa je H3BpWeHa 4l1CTa ce-ra, a H3Mel)y BJIaKa cy H3L\BojeHe
nospunme, aa KojHMa je H3BpweHa CeJIeKTI1BHa npopezra.
TIpe4Hl1Ul1 crafiana ooyxnaheaax CHHMal-beM 6l1JIH cy y pacnony 0L\7-25 em. TIPI1-
JIHKOM ce-re 11 nspane npnueisea je copTlIMeHTHlI MeTOL\ 11 opraanaauaona rjJopMa pazta
1M+1R. 3a ee-ry 11 1I3paL\Y je xopnurheua MOTopHa recrepa cpezm,e caare (STIHL
026AV). Y TOKy acrpaaoraan,a, CHlIMal-beM rpajan,a paL\HI1X onepaunja ce-re1I113paL\e ury-
MCKlIX copruvenara ooyxsahena cy:
- npenas OL\ cTa6JIa L\O cTa6JIa;
- npHnpeMa cTa6JIa 3a ce4Y;
- ce4a cTa6JIa;
- KpeCal-be rpaHa;
- npepe3HBal-be;
- 411Wnel-be (ce-ra crafiana raa.nx OL\ 7 em na npcnoj BI1CHHI1).
)J;03Ha4eHa cTa6JIa saee-ry611JIa cy peJIaTI1BHO MaJIHX L\HMeH3Hja. Ta OKOJIHOCT L\1I-
pexmo YTH4e aa Ta4HOCT Mepel-ba, KaKO yrpoutaxa ropnaa 11 Ma311Ba, TaKO 11 rpajan,a
paL\HI1X onepaunja rjJa3e pana, yKOJIHKO ce OHa OL\HOCe aa CBaKO nojeanaa-nro cTa6JIo.
)J;a 611 ce nosehana Ta4HOCT, OL\HOCHO CMal-bllJIa peJIaTlIBHa rpenncaMepel-ba YTPO-
WKa ropima HMa3HBa, y TOKy lICTpa)l<HIlcnM HlICY MepeHlIyTpOWUI1 aanojeauaa-ma CTa-
6JIa, Bency cTa6JIa no OL\pel)eHHM KpHTeplljyMI1Ma rpyrurcana Hsa TaKO rjJopMlIpaHe CKy-
rroae MepeH je yrpourax. Mepen.e yrpourene KOJIl1411He ropasa 11 Ma3l1Ba spmeno je no-
Mony CTaKJIeHlIX MeH3ypa, ca ranaourhy o-nrrasarsa yrpomaxa L\Oaa jenaa MI1JIHJIHTap.
TIOL\auH CHI1Mal-ba cy CHCTeMaTH30BaHlI 11 06pal)eHH CTaHL\apL\HI1M MaTeMaTWIKO-
CTaTHCTH4Kl1M MeTOL\aMa. 3a acnarnsaa,e 3aBlICHOCTH yrpouixa ropnsa HMa3l1Ba (3aBlI-
CHO npOMeHJhHBa) OL\ rtpeaauxa cTa6JIa (nesaaacao npOMeHJhI1Ba), xopaurhenje MaTeMa-
T1I4KO-CTaTHCTH4KlI MeTOL\ perpecaone 11 KOpeJIaUllOHe aHaJIH3e.
YCTaHOBJheHa je, raxohe, norpounsa ropnaa 11 Ma3l1Ba no jeL\I1HlIUllnospunme,
npeBaCXOL\HO kana ce pann 0 4HCTOj Ce411, rne ce nopen crafiana HaBeL\eHlIX npesnasa,
MOTOpHOM recrepou yxnarsajy H cTa6JIa npe-ranxa Mal-ber OL\ 7 em, WTO, raxobe, YTH4e
aa yrpourax ropnsa 11 Ma3HBa. C 063l1pOM ua MaJIe pa3JIHKe y rrpe-mamraa, nonauu CHlI-
Mallia 11 Mepellia aaxpacr H rpa6 06jeL\HllieHlI cy y OBHM lICTpa)KlIBallil1Ma H TaKO ofipa-
l)eHI1, jepje onen.eno na BpCTa npseray THM OKOJIHOCTI1Ma HeMa seha yrnuaj na paannxe
y TIOTpOWI-bH ropnaa 11 Ma3l1Ba.
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4. PE3YJlTATH HCTPA)KHBAIbA
4.1. 3aBocHocT yrpounea ropana 0 Ma30Ba OA npC'IHOKa cTa6JIa
3aBI1CHOCT yrpouixa ropasa 11 MaJl1Ba OA npe-mmca cTa6J1a, I1Cnl1TaHa je 3ace6HO
sa ee-ry aa TpaKTOpCKI1M anaxava (sncra cella), a 3ace6HO na napuenaaa - nospuranaaa
113Mel)y TpaKTOpCKI1X snaxa (ceJleKTI1BHa npopena). Ilpernocrasxa OA xoje ce noumo je,
AaHe611 rpetiano na nocroje 3HallajHI1ja oncrynaa.ayrpounca ropnsa 11 Ma311Ba npn ce-m
craoana na rpacaxra rpaxropcxax anaxa 11 aa noapuranaaa 113Mel)y l-bliX. OBa nperno-
CTaBKa ce fiasupa aa caanaa.mea na cy rrpe-max cTa6J1a 11 spcra COpTI1MeHaTa <jJaKTOpli
KOjl1 onny-ryjyhn yrmy ua yrpouiax ropnsa 11 Ma311Ba. MeI)YTlIM, C06311pOM na ucrpa-
)KlIBal-ba y OBaKBliM cacrojaaava HliCY apurena, npeTnOCTaBJheHO je na 11 HeKlinpyrn <jJa-
KTOpl1 MOry YTlIIJ,aTI1 aa HliBO OBI1X yrponnca,
Ha OCHOBy eneuenara crarncrmxe aHaJJ1I3e 3aBliCHOCTI1 yrpounca ropnaa 11 Ma-
311Ba (y) OA npemaxa cTa6JJa (x), np01l3J1a311 na <jJYHKIJ,l1je 06J1I1Ka Y=exp(a+bX-I ) y
CBI1M cnysajeaaaa najoorse ornrcyjy TY 3aBliCHOCT.
AHaJJl1TlIllKI1 1I3pa311 <jJyHKIJ,lIja 3aBliCHOCTli yrpourxa ropasa 11 MaJl1Ba OA npes-
HliKa y npcnoj BliClIHlI crafiarra npn nasoheu.y 11I1CTliX cella (na anaxaua) 11 npn cenex-
THBHOM npopehasarsy (na napuenaraa) cy cnenehn:
- yrpourax ropnaa na snaxaaa (Ugy )
"« = exp (4,99 + 6,93J; (r= 0,70; r2=0,49);
v d l ,3
- yrpouras Ma311Ba na snaxaaa (Urn )
y
(
13,20~ Urn =exp 3,85+--;
v d 1,3
- yrpourax ropasa aa napuenaaa (Ug )
p
U =eXP(509+
7,58J.
gp , d '
1,3
- yrpourax MaJlIBa na napuenana (Urn )
p
Urn = exp (3,86 + 14,68\
p d l,3 )
(r= 0,82; r2=0,67);
(r= 0,68; r2= 0,46);
(r= 0,75; r2= 0,56).
OBaKO Ao611jeHe <jJYHKIJ,lIje 3aBliCHOCTli yrpounca ropnaa 11 Ma311Ba npnsaaane cy
11 rpa<jJlIllKli(rparpnsoa 1).
Kopncreha onrosapajyhe <jJyHKIJ,l1je saaacaocrn, YCTaHOBJheHlI cy HOpMaTHBli yT-
pomaxa ropnaa 11 Ma311Ba 11 rrpaxasaan y raoena 1.Oan nopvarnan cy ncaaaaansacetino
aa 113Bol)el-be llllCTliX cella (aa anasana) 11 sa CeJleKTlIBHO npopehasas,e (na napuenava).
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rpaljJllKoH 1. 3aBllcHocT yrpomxa ropaaa IIMa3llBa O,Ll npexnaxa cTa6JIa npn cesa y MJIaJ\llM xpa-
croao-rpafioansi cacrojnaaaa
Diagram 1. Dependence of fuel and lubricant consumption on tree diameter in felling young oak-
hornbeam stands
AKO ce ynopeneyr-
pOIIII..\H ropasa H Ma3HBa
no je)l,HHHUH npOH3BO)l,a
aa BJIaKaMa H aa napuena-
Ma, BH)l,H ce na cy yrpour-
UH sa OKO 14% seha na
napuenana. 1l0BenaHH yr-
pourax eneprenara npn
Ce1.fH H mpana aa noap-
II1HHaMa na KojHMa ce H3-
sone CeJleKTHBHe npopene
01.feKHBaHje, c 063HpOMna
)l,y)l(e speue H3pMe ITO
cTa6JIy y O)l,HOCy na OHO y
qHCTHM cesaaa.
Ilpoceraayrpourax
ropasa no cTa6JIy na ana-
KaMa je 17,43 ml-stab:",
)l,OK na napuenana H3HOCH
Ta6eJIa 1. Je,LlllHllqHll yrpomax ropusa IIMa3llBa
Table 1. Unit of fuels and lubricants
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20,27 ml.stab:", UITO 3Ha'H1 naje 14% seha na napueJIaMa. DpOCe4Hl1 yrpourax Ma3l1Ba
no cTa6JIy na BJIaKaMa je 9,4 ml.-stab", a na napuenava 11ml-stab:"; llJTO 3Ha411 aa je
14,4% aehu aa napuenaua.
YTpOllJaK ropasa no je;:rI1HI1UI1 noapunme, nocuarpano na BJIaKaMa (4I1CTa ce-ra),
113HOCl1 22,9 Lha:', a na rrapnenana (ceJIeKTHBHa npopena) 113HOCl1 7,6 Lha:', YTpO-
max Ma3I1Ba no je;:rI1HI1UH nospurane aa BJIaKaMa ('lI1CTa ce-ra) 113HOCl1 13,3 Lha:', a aa
napuenaua (ceJIeKTHBHa npopena) l13HOCH 4,29 t.ha:', AKo ynopenuuo notiajene apen-
HOCTH BH;:rH ce na je yrpourax ropnsa 11 Ma3HBa aa BJIaKaMa BefiH sa OKO 33%. aBOje JIO-
rH'lHa nocrreznruaKOHueHTpaUHje ce-re no je;:rHHHUI1 noapumae, C06311pOM ua HHTeH3H-
TeT cese y je;:rHOM 11 y npyros; cny-rajy, OBaKO snaxajna pa3JII1Ka yrpomaica no noapnnma
je JIOrH4Ha H nOTH4e on pa3JIHKa y KOHueHTpaUHjaMa npaae aanpevaae no je;:rI1Hl1UH
nospmaae.
4.2. Yrpomua ropnna U Ma3UBa na anaxasra U na napnenasra
Ha OCHOBy pesynrara aHaJIH3e sapnjaace (F=2,31) np0l13JIa3H na H3Me1)y yrpo-
urxa ropnsa HMa3HBa y ce-nt II H3pa;:r11 llJyMCKHX copraxienara y MJIa;:rI1M xpacroso-rpa-
60BHM cacrojunaaa, aa HIIBOY saaxajuocra 95%, Henocroje CTaTHCT1l4Kll 3Ha4ajHe pa-
3JIHKe, na ce MO)Ke pehn na CHHMJbeHH rronaun npnrranajy HCTOM CTaTHCT114KOM cKYny.
C 0631lpOM na nenana npnrranajy HCTOM
CTaTHCT114KOM cxyny, y npaxrnsne cspxe ce MO-
ry yCBOjl1TH jelJ,llHCTBeHI1 HopMaTHBH yTpOllJaKa
ropnaa 11 Ma3l1Ba sa BJIaKe 11 napuerre.
I1MajyfiH y BH;:ry nOTBp1)eHy HyJITy
xHnOTe3Y, YCTaHOBJbeHe cy HOBe jennasuae pe-
rpecnje sa yrpotuax ropuaa II Ma3HBa y MJIalJ,HM
xpaCTOBo-rpa60Bl1M cacrojasana, xoje mace:
- yrpourax ropnaa (Ug)
Ug= exp (5,08+ 6,68);
C d1,3
r=0,61 r2=0,37;
- yrpomax Ma3HBa (Urn)
U
m= exp G,96 + 12,63);
C d l,3
r=0,73 r2=0,53.
Kopncreha aasenene jenaasuae perpe-
caje, YCTaHOBJbeHH cy jelJ,HHCTBeHH HopMaTHBH
yrpounca ropuna H Ma3HBa H npHKa3aHH y rafie-
JIll 2.
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Ta6eJIa 2. JeJ\I1HcTBeHI1 HOpMaTI1BI1 yr-
pouncaropana 11 Ma3I1Ba
Table 2. Unique norms of fuel and lub-
ricant consumption
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5.3AKJh~
I1MajynH y anny rrOCTaBJbeHH IJ,HJb ncrpaaoraan.a, a ua OCHOBy CHHMafha H3BpIIle-
HHX y OKBHpy excnepawenramre rrpoasaonn,e Hpesynrara H3BpIIleHHXauamrsa, Mory ce
H3BeCTH cnenehn 3aKJbYlfIJ,H:
- yrpourax ropnsa H Ma3HBa y MJIail,HM cacrojanaaa xpacra H rpa6a snanajno
onana ca nosehaa.ev npexaaxa cTa6JIa,6e3 063Hpa na JIHce pazm 0 lfHCTOj HJIH
npopezmoj ce-ra;
- YCTaHOBJbeHa norpounsa ropnna y Oil,HOCy na norpounsy Ma3IIBa je rOTOBO
ynsocrpysena, lIlTO ce y nornyaocrn noxnana ca pe3yJITaTIIMa nocanannsnx
IICTpa)KHBalba;
- norpomu,a ropnsa H Ma3IIBaje aa OKO 14% seha aa napuenaaa rne ce H3BOil,H
CeJIeKTHBHa npopena, lllTO ce II oxexasano, C063HpOMna nyrorpajunje apene
uspane no cTa6JIy y Oil,HOCy aa OHO y lfIICTHM cesaaa;
- npoceaan yrpourax ropnaa H Ma3HBa no jeil,HHIIIJ,H rrOBpIIlIIHeje sa rpehnay Be-
nH aa BJIaKaMa (sncra cesa), IIlTO ce nyryje Pa3JIllIJ,ll y 6pojy craoana no jezm-
HIIIJ,H rrOBpIIlHHe;
- aa OCHOBy pesyrrrara aHaJIII3e sapujaace YCTaHOBJbeHO je na II3Mel)y yrpomaxa
ropnaa II Ma3IIBa npa CeJIeKTIIBHOM npopehaaarsy H npu cesn crafiana aa Tpa-
caaa TpaKTopCKIIX BJIaKa He nocroje CTaTHCTIIlfKII anasajae pa3JlIIKe na HIIBOy
snasajaocrn Oil, 95%, re na ce sa rrpaKTIIlfHY npaaeny Mory yCTaHoBIITHje-
il,HHCTBeHH HopMaTIIBHyrpomxa ropasa H Ma3HBa y ce-nr II nspaznr y cacrojn-
HaMa CJIHlfHHM OHHMa y KojHMa cy spureaa acrpaxaaan,a.
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FUEL AND LUBRICANT CONSUMPTION IN FELLING THE YOUNG OAK-HORN-
BEAM STANDS
Summary
Based on the elements of statistical analysis on the dependence offuel and lubricant con-
sumption on tree diameter, it was assessed that with the increase oftree diameter, the fuel and lu-
bricant consumption in the young oak and hornbeam stands decreases significantly, both in clear
felling and in thinning and that the function form Y=exp(a+ b.x-I) is the best description ofthe
correlation.
The consumption offuel compared to lubricant consumption is almost double, which agrees
with the results of the previous studies. Average consumption of fuel and lubricant is
17.43 ml.tree:", on the plots 20.27 ml.tree:'; average consumption of lubricant per tree on skid
roads is 9.4 ml-tree:", on the plots 11mt-tree:', The higher consumption offuel and lubricant on
the plots with selective thinning is the consequence ofthe longer time needed for the conversion
per tree, compared to that in clear felling.
The consumption offuel per unit area on the skid roads (clear felling) is 22.9 Lha:", on the
plots (selective thinning( 7.6--:The consu~ption oflubricant o.n the skid ro.adsis 13.3 L.ha-.I,
on the plots 4.29 Lha: . The higher consumption of fuel and lubricant per umt area on the skid
roads is due to the difference in the number oftrees per unit area.
Based on the results ofthe analysis ofvariance, it was found out that between fuel and lu-
bricant consumption in selective thinning and in felling the trees along tractor skid roads there is no
statistically significant difference at the level ofsignificance of95%. So, for practical purposes, the
unique norms ofconsumption can be established for the stands similar to those in which the study
was performed.
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